The growth of urban areas has a significant impact on land use by replacing areas of vegetation with residential and commercial areas and their related infrastructure; this escalates the land surface temperature (LST). Rapid urban growth has occurred in Duhok City due to enhanced political and economic growth during the period of this study. The objective is to investigate the effect of land use changes on LST; this study depends on data from three Landsat images (two Landsat 5-TM and Landsat OLI_TIRS-8) from 1990, 2000 and 2016. Supervised classification was used to compute land use/cover categories, and to generate the land surface temperature (LST) maps the Mono-window algorithm was used. Images were also used to create the normalized difference vegetation index (NDVI), normalized difference built-up index (NDBI), normalized difference bareness index (NDBAI) and normalized difference water index (NDWI) maps. Linear regression analysis was used to generate relationships between LST with NDVI, NDBI, NDBAI and NDWI. The study outcome proves that the changes in land use/cover have a significant role in the escalation of land surface temperatures. The highest temperatures are associated with barren land and built-up areas, ranging from 47 • C, 50 • C, 56 • C while lower temperatures are related to water bodies and forests, ranging from 25 • C, 26 • C, 29 • C respectively, in 1990, 2000 and 2016. This study also proves that NDVI and NDWI correlate negatively with low temperatures while NDBI and NDBAI correlate positively with high temperatures.
Introduction
In the last decade, climate researchers' attention was increasingly drawn to local and regional climate under anthropogenic influences to better understand the increasing change in the climate's driving factors [1] . One of the main causes of global climate change is increasing industrialization and urbanization. Currently, the most crucial problem that urban areas suffer from is rising surface temperatures caused by the loss of areas of vegetation and the increase of impermeable non-transpiring, non-evaporating, hard land surfaces [2] [3] [4] [5] [6] . One of the most noticeable effects of the modifications of terrestrial ecosystems by human activity is the change in land use/land cover (LULC) as it has greatly impacted the environment locally, regionally and globally [7] [8] [9] . The amount of humidity in the air is greatly affected by the change of natural land surfaces to built-up areas as vegetation is a major source of humidity [10] . For all surface materials, certain internal properties such as inertia, conductivity and heat capacity have an immense impact on balancing the body temperature with its surroundings [11] . Higher thermal capability for releasing daytime heat at night and greater solar radiation absorption are usually caused in urban areas by replacing vegetative areas with paved strategic site on the international transport links connecting the Kurdistan Region of Iraq to Turkey as well as Syria.
Duhok city is located between two opposing mountains ranges, the Bekher Mountains in the north and Zawa Mountains in the south. As the surrounding mountains are of relatively high altitudes, the climate is similar to that of the Mediterranean region [41] in that the Mediterranean climate is characterized by dry summers and winters with reasonable precipitation. The summers are hot with low moisture and bright sunshine. In contrast, winters have a noticeably higher humidity and lower temperatures. In the winter season the climate is characterized by its low temperatures and snowfall on the high mountains [42] . Occasional drought seasons that are repeated over periods of time lead to an underground water recharge deficiency. A significant amount of rainfall as well as cold temperatures characterizes the spring seasons.
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Data Used
Primary and secondary data are both adapted in the study in order to efficiently detect how land surface temperature (LST) is affected by the alteration in land use/cover. United States Geological Survey (USGS) Gloves provided the primary data of three Landsat images with the spatial resolution of 30 m, 100 m and 120 m. The first Landsat TM-5 is dated 11 October 1990, second Landsat TM-5 is dated 21 August 2000, and the third image of Landsat OLI_TIRS-8 is dated 1 August 2016. All bands were used in this study, in particular thermal bands which are popular for identifying LST (table 1) . Secondary data such as municipal boundaries, geographical wards and the master plan map were sourced from the governorate of Duhok.
Methodology
Different processes for analyzing the Landsat images were used in this study: (1) Classification of the images; (2) derivation of NDVI, NDWI, NDBI and NDBAI; (3) LST for each image was 
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Methodology
Different processes for analyzing the Landsat images were used in this study: (1) Classification of the images; (2) derivation of NDVI, NDWI, NDBI and NDBAI; (3) LST for each image was retrieved; (4) All files were entered into GIS, after being converted to vector files to calculate and manipulate through attribute tables in ArcGIS, as shown in Figure 2. 
Image Classification and Accuracy Assessment
In order to detect the changes in land use during the period of the study, LULC classification is essential to study the effects of human actions on a regional scale. Landsat images mapped LULC changes for 1990, 2000 and 2016. Built up areas, water, barren land and vegetation lands are the four selected LULC types. The images were analyzed according to their spectral and spatial profiles so that training sites could be developed, based on ancillary information and reference data from various sources. This study designated 40 training samples of 40 pixels for each land cover class. However, Lillesand et al, 2008 [43] noted the need for 20 training samples of 40 pixels for each land cover category. The statistical characteristics of the land cover categories were developed once the training sites were digitized. Landsat images were then classified by utilizing the maximum likelihood algorithm with a supervised signature extraction. The three classified maps were assessed on accuracy by stratified random sampling methods. From each LULC class, fifty samples were chosen. Apart from field checked LULC maps, a field survey was also used as reference data.
Computation of NDVI, NDWI, NDBI and NDBAI
LST studies widely use the NDVI parameter because NDVI is less sensitive to the changes in atmospheric conditions than other indices; it has, therefore, become very popular to monitor vegetation statuses [44] . NDVI was used to present the relationship between LST and vegetation area in this study by linear regression correlation. In order to compute an NDVI image this formula was used:
NDBI is a widely-used index for evaluation built up statuses [45, 46] . NDBI values can, depending on the spectral signature, range from medium infra-red to near infra-red band. As well as being useful for mapping human settlements [47] , it is also useful for some elements of surrounding constructions. NDBAI is therefore reformulated for mapping Normalized Difference Bareness Index. The water state of vegetation and the water content within vegetation is implied by the Normalized Difference Water Index (NDWI) [48] . The values of NDBI, NDBAI and NDWI can vary from −1 to +1. Positive indicates water bodies and highly built up areas, whilst other land cover types are represented by negative values. The formula for calculating this index is: [49] , to generate the Land Surface Temperature (LST) maps from Landsat satellites thermal infrared with 100 m and 120 m Spatial resolution. Radiation from the surface of the earth was recorded by the thermal infrared band, with a spectral range between 10.4 and 12.5 µm [50, 51] . Derived LST requires three steps: first, spectral radiance was gained from DN of Landsat images with this formula:
This can also be stated as
where 
Results and Discussion
Land use/land cover maps, land surface temperature distribution and the NDVI, NDWI, NDBAI and NDBI of the study area are the three main subsections in which the results of this study are presented:
Land Use/Land Cover Maps
The supervised classification maximum likelihood was applied to generate the LULC map in 1990, 2000 and 2016 with high accuracy as seen in Table 2 . The total area of interest is approximately 17,007.25 hectares; in Table 3 and Figure 3 , the exact area of the LULC of this study is listed. LST changes were caused by alternations of LULC, specifically in urbanized areas which have increased noticeably. Table 2 shows that the built-up categories (residential, commercial and administrative buildings) increased slightly by 0.86% from 1095.77 ha to 1241.55 ha between the years 1990 and 2000, while a significant increase was recorded between the years 2000 to 2016, growing by 11.2% from 1241.55 ha to 3140.01 ha, respectively. The total area of built-up land increased from 1095.77 ha to 3140.01 ha between the years 1990 and 2016. 
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The supervised classification maximum likelihood was applied to generate the LULC map in 1990, 2000 and 2016 with high accuracy as seen in Table 2 . The total area of interest is approximately 17,007.25 hectares; in Table 3 and Figure 3 , the exact area of the LULC of this study is listed. LST changes were caused by alternations of LULC, specifically in urbanized areas which have increased noticeably. Table 2 shows that the built-up categories (residential, commercial and administrative buildings) increased slightly by 0.86% from 1095.77 ha to 1241.55 ha between the years 1990 and 2000, while a significant increase was recorded between the years 2000 to 2016, growing by 11.2% from 1241.55 ha to 3140.01 ha, respectively. The total area of built-up land increased from 1095.77 ha to 3140.01 ha between the years 1990 and 2016. There are many factors contributing to the increase in urbanized areas; in old parts of the city major alternations have occurred. The study area has seen remarkable changes since 2000 (Table 3) due to political and socio-economic factors. When Saddam Hussein was forced out of power, the political and socio-economic situation improved. The outcome of the study endorses the findings of [7, 38] who found that both political and economic factors contributed to urban growth. The government and/or private companies developed a great deal of these areas for various retail, industrial, and residential purposes; this has been a further cause of the reduction of barren land surrounding the city, as much land was developed into large buildings and skyscrapers. Impermeable materials such as steel frames and concrete were used in the construction of these buildings. On the other hand, barren land increased from 13,141.13 ha to 13,420.7 political and socio-economic situation improved. The outcome of the study endorses the findings of [7, 38] who found that both political and economic factors contributed to urban growth. The government and/or private companies developed a great deal of these areas for various retail, industrial, and residential purposes; this has been a further cause of the reduction of barren land surrounding the city, as much land was developed into large buildings and skyscrapers. Impermeable materials such as steel frames and concrete were used in the construction of these buildings. On the other hand, barren land increased from 13,141.13 ha to 13,420.7 
Land Surface Temperature Retrieval (LST)
The outcome of the research has been to produce a map of the study area's absolute LST. The computed LST map is illustrated in Figure 4 
Relationship between Land Surface Temperature and Different Land Covers
The investigation of the thermal signature of each LULC type is essential to understand the relationship between LST and land cover [13] . Therefore, a comparison of LULC and LST was carried out; sampling points for each LULC category in the study area were selected to compare the LST values. The mean temperature of each land use/cover category was calculated by averaging all consistent pixels of a given LULC category. The results indicated the highest LST in the rock outcrops while the lowest was recorded for water bodies. Cold anchor pixels were observed in vegetated areas and water bodies, while the warmest were rock, built-up areas or bare soils. The surface temperature pixels ranged from 25 • C to 56 • C (Figure 7 ).
This study detected higher temperatures in the outskirts and the non-built up areas of the city rather than inside the city. Therefore, the LST outcomes of this study may disagree with previous studies [6, 53, 54] which show higher LST values in urban areas than in the areas surrounding and outside cities. In the period studied, Duhok City showed a lower LST in urban areas than in the suburbs ( Figure 8) ; this is due to the sun's heat in surrounding areas being absorbed directly into the ground, causing it to heat up faster than in other land cover categories. In contrast, roads, pavements, buildings, concrete and other features that make up urban surfaces tend to release the absorbed heat slowly. In other words, built-up land has a tendency to retain the heat longer than other land cover classes such as barren land on the outskirts that does not retain heat for as long. The results of this study prove that the surrounding areas/barren lands have higher temperatures than urban areas; this outcome could be a result of the timing of the Landsat images captured. At approximately 7 a.m. the sun is just beginning to heat up the ground. Urban surfaces take in temperature more slowly, so the features in built-up areas warm up and cool down slower than other land cover categories such as barren land, which is why lower LST values were recorded in built-up areas compared to barren areas. Despite that, the changing of the LST is also caused by the land changes, since each type of land has its own qualities in terms of energy radiation and absorption. Built-up lands possesses lower albedo and higher absorption than barren lands due to the surrounding areas/ barren lands having higher temperatures than urban areas. These outcomes conform to the findings of [2] , who noticed that areas with bare soil and built-up areas show a higher LST while other categories, such as water bodies, agriculture and vegetation, have lower LST values during daytime. In contrast, during the night built-up and barren lands have lower LST values, while water bodies and vegetation are found to have higher LST values.
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This study detected higher temperatures in the outskirts and the non-built up areas of the city rather than inside the city. Therefore, the LST outcomes of this study may disagree with previous studies [6, 53, 54] which show higher LST values in urban areas than in the areas surrounding and outside cities. In the period studied, Duhok City showed a lower LST in urban areas than in the suburbs ( Figure 8) ; this is due to the sun's heat in surrounding areas being absorbed directly into the ground, causing it to heat up faster than in other land cover categories. In contrast, roads, pavements, buildings, concrete and other features that make up urban surfaces tend to release the absorbed heat slowly. In other words, built-up land has a tendency to retain the heat longer than other land cover classes such as barren land on the outskirts that does not retain heat for as long. The results of this study prove that the surrounding areas/barren lands have higher temperatures than urban areas; this outcome could be a result of the timing of the Landsat images captured. At approximately 7 a.m. the sun is just beginning to heat up the ground. Urban surfaces take in temperature more slowly, so the features in built-up areas warm up and cool down slower than other land cover categories such as barren land, which is why lower LST values were recorded in built-up areas compared to barren areas. Despite that, the changing of the LST is also caused by the land changes, since each type of land has its own qualities in terms of energy radiation and absorption. Built-up lands possesses lower albedo and higher absorption than barren lands due to the surrounding areas/ barren lands having higher temperatures than urban areas. These outcomes conform to the findings of [2] , who noticed that areas with bare soil and built-up areas show a higher LST while other categories, such as water bodies, agriculture and vegetation, have lower LST values during daytime. In contrast, during the night built-up and barren lands have lower LST values, while water bodies and vegetation are found to have higher LST values. The LST of each LULC class therefore depends on its particular characteristic. Weng (2001) [7] showed that studying the relationship between land cover types and thermal signatures is the most The LST of each LULC class therefore depends on its particular characteristic. Weng (2001) [7] showed that studying the relationship between land cover types and thermal signatures is the most efficient approach in understanding the way LST is affected by LULC changes. To investigate the connection of LST to NDVI, NDWI and NDBI derived from the Landsat TM-5 1990, 2000 and Landsat OLI_TIRS-8 2016, respectively, a sample point method using 50 randomly selected points was applied. The four transect lines in Figures 9-13 clearly demonstrate the degree of correlation and the relationships of the LST, NDVI, NDWI, NDBI and NDBAI. These relationships were investigated in the performance of the Pearson's correlation coefficient analysis and correlation analysis. The result shows that lower NDVI and NDWI values were detected in areas characterized by higher temperature and higher NDBI and NDBAI. However, a positive relationship between NDBI and LST existed, with a correlation coefficient of R 2 = 0.8714, R 2 = 0.848 and R 2 = 0.9397 indicated in all images, between NDBI-derived built-up fractions and the surface temperature (LST), as shown in Figure 9 . The results of the linear relationship detected a positive correlation between NDBAI-derived bare land fractions and LST with correlation coefficients of R 2 = 0.8137, R 2 = 0.8027 and R 2 = 0.841, as shown in Figure 10 . In addition to a negative correlation between NDVI and LST, a negative relationship between LST and NDVI-derived vegetation fractions was shown in the results (Figure 11 ) of the linear relationship, with the correlation coefficients of R 2 = 0.9038, R 2 = 0.8641 and R 2 = 0.8963 ( Figure 12 ). The linear relationship results detected a negative correlation between NDWI-derived water fractions and LST, with correlation coefficients of R 2 = 0.8503, R 2 = 0.9026 and R 2 = 0.887, as shown in Figure 13 . This is a negative correlation with regard to physical changes, ground surfaces, increased soil moisture in the irrigated areas, land surface emissivity, albedo, profusion of vegetation, etc., that has a great effect on the heating of the ground surface [10] . This study's results matched the discoveries of [55] , which leaned towards weak evaporation feedback of bare soils, open shrub lands and a highly possible relation to soil moisture levels. Likewise, [15, 56] regarded lower temperatures in vegetation area due to processes such as transpiration and evapotranspiration.
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Conclusions
This paper applied, and depends on, multi-temporal remote sensing data to monitor changes in land use/cover and how it impacts the LST in Dohuk City. The applied approaches utilized in this study were very efficient in achieving the aims of this project. The study attempted to identify the changes in land use classes and their effects on LST. The study area was classified into four categories: urban areas, barren land, areas of vegetation and water bodies. The outcome of the land cover classification showed that the built-up areas and water bodies increased by 12.02% and 0.1%, respectively, while the barren land and vegetation decreased by 1.63% and 1.46%, respectively, during the study period, due to political and socio-economic factors. LST and LULC have a strongly connected relationship. The research proved that the LST value varied over the different categories, for example barren land and urban areas had increased radiant temperature. Higher temperatures on the borders and non-built-up areas of the city, rather than inside the city, may disagree with previous studies that reported higher LST values in urban areas than in the areas surrounding and outside of urban areas. This is due to the city's high temperatures, particularly in the summer. The environment of the city, being semi-arid, is the main reason that urban expansion had the opposite impact on the LST, with alternations in natural and physical characteristics of land cover, including the replacement of vegetation in built-up areas. In addition, the study found that the vegetation area (NDVI) and water bodies (NDWI) have a negative relationship with the land surface temperature. The LST was highly influenced by the LULC, and very sensitive to vegetation and soil moisture; specifically, the amount of vegetation was discovered to be the main factor on which this relationship is built. Higher LST is seen in areas with less vegetated LULC, and vice versa, although it showed a positive relationship between NDBI, NDBAI and LST.
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